The aim of this study was to investigate the effects of lactic acid fermented soyabean meal (SBM) on the growth performance, intestinal microflora and morphology of weaned piglets. Lactic acid fermentation could reduce trypsin inhibitor activity and increase degree of protein hydrolysis in the fermented-SBM (FSBM). Seventy-two piglets weaned at 28 ± 1 d of age were allotted to three dietary treatments for 28 days. The three diets were: 1. diet with 25% SBM; 2. diet with 20% SBM and 5% FSBM; 3. diet with 15% SBM and 10% FSBM. The results showed that the addition of 10% FSBM in the diet of piglets improved (P<0.05) the growth performance, increased (P<0.05) the numbers of intestinal lactobacilli, decreased (P<0.05) the numbers of intestinal enterobacteria and increased (P<0.05) the villus height and villus height to crypt depth ratio at the small intestinal mucosa compared to the control group. In conclusion, lactic acid fermented SBM can be used as an excellent protein source for weaned piglets.
INTRODUCTION
Piglets face many changes during the weaning transition. Abrupt changes in diet and environment make them more susceptible to potential enteric antigenic challenges (nutritional or microbial) during the post-weaning period, which can WANG N.F. ET AL.
Commercial defatted SBM (crud protein content = 47.62%) was provided by Eastocean Cereals & Oils Co., Ltd. (Zhangjiagang, China) . Prior to further use SBM was cleaned and ground into flour to pass a 0.4-mm screen. All other reagents and chemicals used in this study were of analytical grade.
Preparation of FSBM
SBM flour, 0.5% (v/w) of L. plantarum inoculum and distilled water in the amount to adjust moisture content of the mixtures to 50% were mixed in a food processor mixer (DW-25, Better Boiler Ltd., Shanghai, China). After thorough mixing, the mixtures were placed in hermetic flasks and incubated at 37°C for 72 h. When the fermentation was completed, FSBM was freeze-dried.
Chemical and microbial analysis of SBM and FSBM
SBM and FSBM were sampled and used for microbial and chemical analysis. Dry matter and crude protein (N×6.25) contents of the samples were determined by the AOAC (1980) methods. The pH and titratable acidity (expressed as percent lactic acid) were determined according to the method described by Ikenebomeh (1989) . The degree of protein hydrolysis in SBM and FSBM, defined as the percentage of peptide chain cleaved, was determined by an amino nitrogen analysis using trinitrobenzenesulphonic acid (Adler-Nissen, 1979) . The content of trypsin inhibitor was measured according to the AOCS method (1995) .
For bacterial enumeration, samples (5.0 g) were mixed with 45 ml of 0.1% sterile peptone water followed by mixing homogeneously using a Labblender 400 stomacher (Seward Laboratory, London, UK). Then 0.1 ml of appropriate dilutions was surface spread on MRS agar. The plates were incubated at 37°C for 48 h in an anaerobic cabinet (YQX-II, Cimo Medical Instrument Ltd., Shanghai, China) containing an anoxic atmosphere (10% H 2 , 10% CO 2 , 80% N 2 ). Results were expressed as colony forming units per gram (CFU/g) of samples.
Feeding trial
Animals and feeding. Seventy-two piglets (Landrace × Yorkshire × Beijing Black) weaned at 28±1 d of age with an average initial body weight (7.29±0.13 kg) were used in this experiment. Piglets were allotted to receive one of three dietary treatments on the basis of their litter origin, sex and body weight. Each treatment was replicated four times with six piglets per replicate. The three diets were: 1. diet with 25% SBM (control); 2. diet with 20% SBM and 5% FSBM (LFSBM); 3. diet with 15% SBM and 10% FSBM (HFSBM). No antibiotic was included in diets. The dietary composition is presented in Table 1 . The experimental period lasted for 28 days. Feed and water were available ad libitum during the whole experiment. Feed intake was calculated daily and the animals were weighed weekly. The experimental protocol was approved by the Animal Care and Use Committee of Southern Yangtze University. Sampling procedure. After the feeding trial, twelve piglets from each treatment were slaughtered under general anaesthesia and immediately eviscerated for samples collection. Samples of the contents from jejunum, caecum and colon were quantitatively collected into glass containers under CO 2 , sealed and put on ice until they were transported to the lab for microbial analysis. The specimens of intestinal tissue from the middle part of duodenum, jejunum and ileum segment were excised, flushed with physiological saline and fixed in 10% neutral-buffered formalin.
Enumeration of intestinal microbial populations. Bacteriological procedures were essentially the same as those described by Xia et al. (2005) . Lactobacilli were enumerated on MRS agar after incubation in the anaerobic cabinet mentioned above at 37°C for 48 h. Enterobacteria were enumerated on MacConkey agar after incubation at 37°C for 24 h. For the enumeration of bifidobacteria, the diluted samples were spread on reinforced clostridial agar plus supplements (Munoa and Pares, 1988) , and incubated in the anaerobic cabinet at 37°C for 72 h. Subsequently, the bacteria were identified to genus level on the basis of colonial appearance, gram reaction, spore production, cell morphology and fermentation end-product formation.
Histomorphometry. Methods for assessing the intestinal tissue morphology were based on those described by Xu et al. (2003) . Three cross-sections for each intestinal sample were prepared after staining with haematoxylin and eosin using standard paraffin embedding procedures. A total of 10 intact, well-oriented cryptvillus units were selected in triplicate for each intestinal cross-section. Villus height and crypt depth were determined using a computerized image analysis system (Leica Q500MC, Leica Cambridge Ltd., Cambridge, UK).
Statistical analysis
Results are expressed as means and standard deviation. Data were analysed by one-way analysis of variance (ANOVA) using SPSS version 11.5 (SPSS, Chicago, IL, USA). Differences were considered statistically significant at P<0.05.
RESULTS

Chemical and microbial compositions of SBM and FSBM
The chemical and microbial compositions of SBM and FSBM are shown in Table 2 . The unfermented SBM contained a very small population of LAB. After fermentation with L. plantarum NF8, viable counts of LAB increased to 8.92 log CFU/g in FSBM and titratable acidity increased to 6.15%. The pH was reduced from nearly neutral to 3.83 after fermentation. As shown in Table 2 , there was a significant increase in total protein content and degree of protein hydrolysis in FSBM compared to SBM. Lactic acid fermentation also resulted in a significant reduction of trypsin inhibitor content in FSBM. The content of trypsin inhibitor was reduced from 3.12 to 0.54 mg/g after fermentation.
Piglet-feeding studies
Intestinal microflora. The numbers of total lactobacilli, enterobacteria and bifidobacteria in the intestinal tract of the piglets fed the three experimental diets are shown in Figure 1 . A significant increase (P<0.05) was observed in the numbers of lactobacilli in the intestinal tract of the piglets fed the HFSBM diet compared to the control group, while the numbers of enterobacteria decreased significantly (P<0.05). The numbers of bifidobacteria in the intestinal tract of piglets were not significantly affected by the experimental diets, although a tendency to increase (P>0.05) was observed in the piglets fed the LFSBM and HFSBM diets compared to the control group. Morphology of the small intestinal mucosa. Morphology data for the duodenum, jejunum, and ileum are presented in Figure 2 . Piglets fed the HFSBM diet had higher (P<0.05) villus height and villus height to crypt depth ratio in the small intestine compared to the control group. In addition, the crypt depth was lower in the jejunum of piglets fed the HFSBM diet compared to the control group. Piglets fed the LFSBM diet had higher (P<0.05) villus height and villus height to crypt depth ratio in the jejunum of small intestine compared to the control group, while the differences in other parts of small intestine were not significant (P>0.05).
Growth performance. The addition of FSBM into the diets had a positive effect on growth performance of weaned piglets (Table 3) . Average daily gain (ADG) and average daily feed intake (ADFI) were higher (P<0.05) in piglets fed the HFSBM diet compared to piglets fed the control diet. Piglets fed LFSBM diet tended to have higher growth rate and feed intake than those fed the control diet, but the differences were not significant (P>0.05). The feed-to-gain ratio (F/G) of piglets fed the HFSBM diet was significantly improved (P<0.05) when compared to those fed the control and LFSBM diets.
DISCUSSION
It has been widely reported that the enzymatic and secretory functions in the gastrointestinal tract of weaning piglets may not be fully functional and lack efficiency in degrading plant-based substrates (Mathew et al., 1996) . The presence of antinutritional factors and complex structure of protein in SBM limit its use in weaned piglets. Protein hydrolysates have been reported as more suitable protein sources for animal and human nutrition, because of their digestion and absorption in the gastrointestinal tract are more effective than intact protein (Ziegler et al., 1990) . In the present study, the content of trypsin inhibitor decreased to 0.54 mg/g after fermentation, which is lower than 0.77 mg/g that can reduce the growth performance of pigs (Hong et al., 2004) . At the same time, the degree of protein hydrolysis was improved. Proteins in FSBM were hydrolysed into peptides, even free amino acids, which could be easily digested and absorbed by young animals.
Probiotics are live microbial feed or food supplements, which beneficially affect the host by improving its intestinal microbial balance. To exert their beneficial effects on the host, probiotic products should contain at least 6 log CFU live microorganism per g or per ml at the time of consumption (Shimakawa et al., 2003) . The viable count (8.92 log CFU/g) of LAB in FSBM was significantly higher than this criterion, indicating that FSBM might be a unique probiotic feed for piglets. In the present study, FSBM was dehydrated by freeze-drying. Although it allows nutritional value of FSBM to be highly retained, freeze-drying is a more expensive technique than other conventional methods of drying. Wang et al. (2004) investigated the viability of LAB in fermented soyamilk after freezedrying and spray-drying. Although the viable counts in spray-dried soyamilk were higher than 6 log CFU/g, they were significantly lower than those in freeze-dried soyamilk. The high temperature during the spray-drying process could reduce the viability of LAB. Further studies are needed to develop economical drying methods which can substitute freeze-drying, together with high viability of LAB after drying.
In the pathogenesis of post-weaning diarrhoea of weaned piglets, enteropathogenic Escherichia coli strains play a major role. Fermented feeds can reduce the number of coliforms in the gastrointestinal tract of pigs (Van Winsen et al., 2001) , and then the risk of post-weaning diarrhoea could be reduced. This in turn would improve the growth rate and feed efficiency of piglets. From our results, a significant increase in the numbers of lactobacilli was observed in the intestinal tract of piglets fed HFSBM diet compared to control group. At the same time, the numbers of enterobacteria decreased significantly. These could be considered beneficial to the intestinal microbial balance. The large numbers of LAB, high concentration of lactic acid and several volatile fatty acids and the low pH representing the most important characteristics of FSBM, may play an essential role in improving the microbial balance of gastrointestinal tract.
However, many studies reported that fermented feeds have no significant effect on the number of LAB throughout the gastrointestinal tract of pigs (Donnet-Hughes et al., 1999; Demeckova et al., 2002) . Moreover, contrast to our findings, Canibe and Jensen (2003) found a lower count of LAB in the caecum and mid-colon of pigs fed fermented liquid feed compared to those fed dry feed or not fermented liquid feed. This could be explained by a reduction of available substrates for microbial fermentation in these segments of gastrointestinal tract after feeding fermented liquid feed. The difference between their studies and ours is their results are based on research with completely fermented compound diets rather than on research with diets to which fermented ingredients were added.
The weaning transition of piglets is often accompanied by villus shortening and crypt deepening in the small intestine. These changes can lead to poor nutrient absorption, reduced disease resistance and growth performance. In the present study, addition of FSBM could increase the villus height and villus height to crypt depth ratio in the small intestine of the weaned piglets. These results were agree with the findings of other studies in which positive effects on intestinal villus height and villus height to crypt depth ratio were observed in pigs fed fermented feeds (Nousiainen, 1991; Scholten et al., 2002) . There are many factors that may be involved in the changes in the structure of the gastrointestinal tract. One factor may be related to the presence of short-chain fatty acids. Nousiainen (1991) reported that villus height in piglets is positively correlated with contents of shortchain fatty acids in the intestinal lumen. Another factor is the reduction of the number of coliforms in the gastrointestinal tract. Coliforms can produce toxic amines and ammonia, which are harmful for the gastrointestinal mucosa (Scholten et al., 1999) .
Fermentation is a complex process and variety of chemical and microbial changes have taken place during the fermentation. Besides the mechanisms mentioned above, there may be other mechanisms which can stimulate the growth performance of piglets. For example, Refstie et al. (2005) reported that lactic acid fermentation could reduce the indigestible carbohydrates in SBM and improve lipid digestibility in Atlantic salmon. More studies are needed to elucidate the effects of lactic acid fermented SBM on the weaning piglets, which will stimulate more successful application of lactic acid fermented SBM in pig nutrition.
CONCLUSIONS
The results obtained in present study indicated that the addition of FSBM in the diet of weaned piglets have a positive effect on the intestinal microbial balance, increase significantly the villus height and villus height to crypt depth ratio in the small intestine, and stimulate the growth performance. In conclusion, lactic acid fermented SBM can be used as an excellent protein source for newly weaned piglets.
